(2008) investigated 9T/10T variation in the upstream region of OPN in buffalo. Earlier, it was reported that OPN is associated with milk in various livestock species. However, in this study no significant association was noted (11) . Schnabel et al. (2005) reported a significant association between OPN and protein percentage (12) . They indicated that the T n motif in OPN-3907, bears an osteopontin regulator element at further up to the gene promoter. The motif is moderately conserved among mammals (12) . Osteopontin gene (OPN) and PPARGC1A are located in the middle of chromosome 6 about 6 Mb apart, which is approximately 12 cM (6) and encodes osteopontin, the prime candidate among the six genes in the 420 Kb region (9) . Osteopontin is a highly phosphorylated glycoprotein and is expressed in several tissues (13) . The protein is found in urine (14) , bile (13) , milk (15) , seminal plasma of Holstein bulls (16) and has been detected in bull accessory sex gland, seminal vesicle and ampullary fluids (16) . Moreover, OPN is highly expressed in bone, macrophages, endothelial, smooth muscle and epithelial cells (13) . OPN is involved in diverse biological, physiological and pathological processes including recruiting and stimulating macrophages in response to infection (13) , interactions with ions (13), inflammation (17) , biomineralization, leukocyte recruitment and cell survival (17) . Cow milk was reported to have 8 mg.L -1 OPN (18) . Both protein levels and mRNA of OPN were highly expressed throughout the entire lactation (19).
Objectives
The importance of osteopontin in milk and its association with milk production traits, reported in earlier studies, prompted us to investigate polymorphism of OPN in the Iranian Holstein bulls.
Materials and Methods

DNA Samples
A total of 100 Semen samples from progeny tested Iranian Holstein bull's were collected from animal breeding center in Karaj, Alborze province.
Genomic DNA was extracted from 200 μL of semen using High Pure PCR Template Preparation Kit (Roche Company kit, CAD No=11796828001) along 7 μL Di Thiothreitol (DTT) and modified salting-out method. The DNA concentrations were measured via spectrophotometer (PicoDrop, England).
DNA Amplification with PCR-RFLP
The primers were designed with Oligo (version 7, 2011) based on available bovine genomic sequences (GenBank accession numbers: ID A878328) (20 
Statistical Analysis
The genotypic and allelic frequencies of OPN variants were estimated using Pop Gene 32 software, version 1.31 (21) . The Hardy-Weinberg equilibrium in the populations was tested. First lactation of Iranian Holstein was collected between 1993-2008 at the Animal Breeding center of Iran. The data were edited using from visual Foxpro and Excel softwares. The records of 305 days and twice milking per day was applied. The records of cows with the age at first calving between 18 to 38 months and lactation days more than 90 days were considered. Also animals without records were removed.
In order to identify factors affecting trait changes and to drive an optimum model before applying the final model to the data, preliminary analysis was performed. This was achieved by using of General Linear Model (GLM) procedure in SAS software (SAS Institute version 9.2, USA).
Genetic parameters and variance components were estimated by Restricted Maximum Likelihood (REML) based on average information algorithm using the ASRMEL programs, version 3.1 (22) . The applied model for traits was as fallow in equation (1):
Y ij represent milk related traits, (μ) average population, (A i ) animal effect as a random effect, (Age i ) age of first calving as covariate factor, (HYS j ) fixed effect of herd-year-season at calving and (e ij ) random residual effect.
Variance and covariance components were estimated and breeding value was predicted by using ASRMEL software (version 3.1) that it's based on average information algorithm.
The least square method of GLM procedure of SAS was applied to test the association of OPN genotypes with milk production traits. The linear model was used as follow in equation (2):
Y ij is the breeding value for milk related traits; μ; least square means of the traits, G j ; effect of the j th genotype (j = 1, 2, 3) in i th animal and e; the random residual effect. Regression analyses were performed in which breeding value (BV) for milk yield, fat and protein yield and fat and protein percent were the dependent variables, and the genotype was the independent variable. The effect of allele substitution was determined by coding genotypes as TT (0), CT (1), and CC (2) to represent the number of C alleles present for the OPN polymorphism. The average effect of allele substitution is known as regression coefficient (α), which is estimated as follows in equation (3):
Y i is the breeding value of i th bull for related traits, μ is population mean, β 1 is regression coefficient of the breeding values on the corresponding value of their sire, x 1i is sire breeding value for corresponding trait of the i th bull , β 2r is regression coefficient of the bull breeding values for trait on the number of copies of the r th OPN alleles, x 2ir is the number of C alleles (0, 1, 2) for the rth allele for ith bull and e i is the residual random effect.
Results
PCR amplified a 826-bp fragment from a part of exon5, intron 5 and a part of exon 6 of OPN. Two alleles were found with BsrI restriction enzyme. T allele had the fragment size of a 826 bp (uncut) and C alleles had fragments of 368, and 458 bp (Figure 1) .
OPN allelic and genotypic frequencies and chi-square (x 2 ) value are summarized in Table 1 . Allelic frequencies for T and C were 0.59 ± 0.03 and 0.41± 0.03, respectively. Genotype frequencies of TT, CT and CC were 34.69, 48.62, and 16.69, respectively. The chi-square test (x 2 ) showed deviation from Hardy-Weinberg equilibrium in the studied population.
Statistical description of data for milk production traits is shown in Table 2 . Information regarding to the pedigree file is presented in Table 3 . Variance components and genetic parameters estimated for production traits in Iranian Holstein dairy cattle are given in Table 4 . This study did not indicate a significant association between the mutation in 10043 base of OPN and milk production traits. Square means of the three OPN genotypes are given in Table 5 . No significant differences in production traits were found between differ- ) The effects of substituting T with C allele are given in Table 6 . The average effect of replacing T with C for BsrI were amounted to be -13.5 kg for milk, 0.73 kg for fat yield and 0.18 kg for protein yield and 0.017, and 0.005 for fat and protein percent, respectively. In Iranian proven bulls population, the C allele was associated with an increase in milk protein percentage and milk fat percentage, which earlier was confirmed by Leonard et al. (2005) .
Discussion
Whole genome scans have identified QTL affecting Table 2 . Statistical description for milk production traits milk production traits in dairy cattle on chromosome 6 close to OPN loci (2, 3, 4, 5) . Osteopontin (OPN) is located in the middle of chromosome 6. The objective of this study was to investigate the association of OPN variants (C/T polymorphism) with milk production traits in Iranian Holstein bull population. The C allele frequency obtained in this study was in agreement with results reported by Leonard et Anatolian, respectively. Samples from two cattle breeds were found to be in Hardy-Weinberg equilibrium. In both breeds, frequency of T allele was found higher than C alleles. They showed that the frequency of allele C in South Anatolian Red was higher than that was found in East Anatolian Red cattle (24) . Allele C was associated with milk protein percentage (12) . Cohen et al. (2004) introduced OPN as a candidate gene affecting milk protein percentage (25) .
Several genome scans have identified QTLs affecting milk production on BTA 6 close to OPN location in Boss taurus (2, 3, 4, 5) . Leonard et al. (2005) reported that C allele was associated with increasing milk protein percentage (P = 0.0255) and fat percentage (P = 0.0480) in Cooperative Dairy DNA Repository population (CDDR). OPN variants did not show significant effects on milk, fat or protein yield or somatic cell score (SCS). Also, they showed that effects of allele C were in the same direction (negative for milk yield and positive for milk protein percentage) in Wisconsin University's population as for the CDDR population, although these estimates did not reach a level of statistical significance (10) . Khatib et al. (2007b) reported single nucleotide polymorphism of the OPN gene in the University of Wisconsin resource population for which additive effects were significant for milk fat percentage (P < 0.0001), milk protein percentage (P < 0.0001) and fat yield (P = 0.014) while, dominance effects were not significant for any of the examined traits (26) .
Researches revealed that OPN in the middle of BTA6, showed the highest linkage disequilibrium effects on protein percentage.
In the studied population, estimation effects of allele C were in the same direction with results reported by Leonard et al. (2005) in UW population and in contrast with results reported by Leonard et al. (2005) in CDDR population. This could be due to the small number of animals that was accessible for genotyping as the whole Iranian proven bull population and also different genetic background of animals.
The results obtained from this study showed that the C allele of OPN was not significantly associated with milk production traits in Iranian proven bulls population.
This study suggested that the C allele frequency of OPN was noticeable in Iranian proven bull Holstein population, but was not associated with milk production traits. However, before being practical for the breeding improvement of Iranian Holsteins a larger sample size is required. Table 6 . Estimates (±SE) of average allele substitution effects (allele C) on milk production traits in Iranian Holstein bulls
